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(57)Abstract: 

PURPOSE: To measure the distribution of particle sizes 
while suppressing the error by measuring the distribution 
of the intensity of scattering light accurately without 

diluting a high concentration suspension of a sample and § 
causing no multiple scattering. 

CONSTITUTION: A sample cell 3 for containing a group 
of particles to be irradiated with laser light comprises 
two glass plates 31 f 32, and a supporting member 33 for 
holding the glass plates detachably while intersecting the 
optical axis of laser light. A suspension S, where the 
group of particles to be measured are dispersed into a 
medium, is sandwiched by the two glass plates 31, 32 
and held stationarily in place. The thin suspension layer 
is then irradiated with laser light thus preventing multiple 
scattering even for a high concentration suspension. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the equipment which measures the space intensity distribution of the 
diffraction/scattered light obtained by irradiating a laser beam at the measured particle group of 
a distributed condition, and computes the particle size distribution of a measured particle group 
from the measurement result The sample cell which holds a measured particle group that a laser 
beam should be irradiated consists of a glass plate of two sheets, and supporter material 
supported free [ attachment and detachment ] in the condition of having made these crossing to 
the optical axis of an exposure laser beam. Between the glass plate of two sheets The particle- 
size-distribution measuring device characterized by holding statically where the suspension 
which a measured particle group comes to distribute in a medium is put. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the particle-size-distribution 
measuring device suitable for measuring the particle size distribution of a sample which the 
particle is distributing by high concentration in a medium about the particle-size-distribution 
measuring device of laser diffraction / dispersion type. 
[0002] 

[Description of the Prior Art] In the particle-size-distribution measuring device of laser 
diffraction / dispersion type, while measuring the space intensity distribution of the 
diffraction/scattered light generated by irradiating a laser beam at the particle group of a 
distributed condition, the measurement result is converted into the particle size distribution of a 
sample particle group based on the Fraunhofer diffraction theory or the Mie-scattering theory. 
[0003] That is, if a laser beam is irradiated at a particle, laser beams will be diffracted or 
scattered about by the particle. The intensity-distribution pattern of its diffraction/scattered 
light changes with the magnitude of a particle. The particle-size-distribution measuring device of 
laser diffraction / dispersion type is a thing using such a principle, and computes the particle 
size distribution of a particle group by measuring the space intensity distribution of the 
diffraction/scattered light obtained by irradiating a laser beam at the particle group of a 
distributed condition. Since, as for an actual particle group, a different particle of magnitude is 
intermingled, the intensity-distribution pattern of the diffraction/scattered light by the particle 
group serves as superposition of the diffraction/scattered light from each particle. 
[0004] In actual equipment, as the example of a fundamental configuration is typically shown in 
drawing 7 With a collimator 72, make output light from a laser light source 71 into the parallel flux 
of light and it is irradiated at the particle group of a distributed condition. While the 
diffraction/scattered light to the front condense with a lens 73 among the diffraction/scattered 
light by the particle group and makes ring-like diffraction/dispersion image connect to the 
location of the focal distance, in the location The ring detector 74 which is the aggregate of a 
photosensor with two or more light-receiving sides of the shape of the shape of a ring with a 
mutually different radius and a half-ring is arranged, and the optical reinforcement for whenever 
[ in the front predetermined include-angle range / diffraction / whenever / diffusion angle / 
every ] is measured. Moreover, the side-way scattering photosensor 75 and the back scattered 
light sensor 76 which became independent, respectively detect the scattered light to the side 
and back. 

[0005] Thus, the space intensity distribution of the obtained diffraction/scattered light are 
[0006], when each diffraction/scattered light from the particle of a large number from which 
magnitude differs make it pile each other up as described above and this is expressed by the 
matrix (matrix). 
[Equation 1] 
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[0007] It becomes. Each element si (i= 1, 2 m) of an optical intensity-distribution vector is 

the amount of incident light to each photosensor component diffraction / for scattered-light 

detection on the strength put on the front, the side, etc. Moreover, each element qj 0= 1. 2 n) 

of a particle-size-distribution vector While making the particle-size-distribution range into finite 
and doing n division of within the limits of this, when it sets d1 and the minimum value to dn+1 
for maximum and each division section [dj, dj+1] is represented with one particle diameter xj G= 

1, 2 j), it is each of that particle diameter xj. It corresponds and is [0008]. 

[Equation 2] 

2 q j = 1 0 0 (96) ••••(4) 

[0009] It is the relative particle weight (%) which was normalized (normalizing) and expressed that 
it becomes. A coefficient matrix A (matrix) is a coefficient matrix which changes particle size 
distribution q (vector) into the optical intensity distribution s (vector). The physical semantics of 

each of those elements ai and j (i= 1, 2 m, j= 1, 2 n) Particle diameter xj It is the optical 

reinforcement which detected the light diffracted / scattered about by the particle group of unit 
particle weight with the i— th component from what was most put on the side whenever 
[ corniculus ] among the sensor groups for measuring optical intensity distribution. This ai and j 
A numeric value is theoretically calculable. When particle diameter is large enough compared with 
the wavelength of a laser beam used as the light source, the Fraunhofer diffraction theory is 
used for this. However, particle diameter needs to use the Mie-scattering theory in the 
submicron field where particle diameter is smaller than laser wavelength, an EQC, and it It is 
possible that the Fraunhofer diffraction theory is the approximation particle diameter was 
excellent in whose Mie-scattering theory effective when sufficiently large compared with 
wavelength in front minute angle dispersion. 

[0010] However, in order to calculate the element of a coefficient matrix A (matrix) using the 
Mie-scattering theory, it is necessary to set up the refractive index of the medium which 
distributes a particle and it Now, it is [0011] when the formula which calculates the least square 
solution of the particle-size-distribution vector q based on (1) type is derived. 
[Equation 3] 

q= (A T A) " 1 A T s ••••(5) 

fc/:u a t ttAoefifi^J-e. ( ) -ttaMTm?*** 
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[0012] **********. This coefficient matrix A (matrix) is calculable beforehand based on the 
Fraunhofer diffraction theory or the Mie-scattering theory, as described above, and since each 
element of the optical intensity distribution s in the right-hand side of (5) types (vector) is the 
quantity of light surveyed by the photosensor, it is clear that its particle size distribution q 
(vector) can be found using these. 

[0013] Although the above is a particle-size-distribution measurement principle by the method 
of laser diffracting / being scattered about, it is an example of the count approach, various 
variations exist, and having been shown here has various variations also in a sensor, the class of 
detector, or arrangement 

[0014] And in this kind of measuring device, usually a sample particle group is distributed in a 
suitable medium, it is made the shape of suspension, and a laser beam is irradiated. Moreover, it 
is common that the sample itself dilutes with a suspension-like thing directly or suitably to the 
sample, and it already irradiates a laser beam. Moreover, the exposure of the laser beam to 
suspension is in the condition of having made suspension flowing in a flow cell, or where 
suspension is held into a container-like batch eel, it is performed. 
[0015] 

[Problem(s) to be Solved by the Invention] By the way, in this kind of measuring device, it is 
necessary to make concentration of the particle group in suspension below into the fixed 
concentration which exists since multiple scattering is not produced. As typically shown in 
drawing 8 , multiple scattering is the phenomenon in which the light diffracted or scattered about 
by one particle is again scattered about by another particle, and when suspension concentration 
is too high, it is generated. If such multiple scattering arises, the particle size distribution 
computed based on the space intensity distribution of the obtained diffraction/scattered light 
cannot express correctly the particle size distribution of the truth of a sample particle group 
with a natural thing. 

[0016] In order to avoid generating of such multiple scattering, concentration of the suspension 
which irradiates a laser beam is made below into fixed concentration, but after the sample itself 
has already diluted with a suspension-like thing by the suitable medium in this case, it is 
necessary to irradiate a laser beam. However, it was made difficult by diluting depending on the 
class of sample, for example like ink for particle size distribution to change and to measure exact 
particle size distribution about such a sample depending on the particle-size-distribution 
measuring device of the conventional laser diffraction / dispersion type. 
[0017] This invention aims at offer of the equipment which can perform exact particle-size- 
distribution measurement, without moreover producing multiple scattering, without having been 
made in view of such the actual condition, and diluting high-concentration sample suspension. 
[0018] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the particle- 
size-distribution measuring device of this invention In the equipment which measures the space 
intensity distribution of the diffraction/scattered light obtained by irradiating a laser beam at the 
measured particle group of a distributed condition, and computes the particle size distribution of 
a measured particle group from the measurement result As shown in drawing 1 and drawing 2 
which are an example drawing, the sample cell 3 which holds a measured particle group that a 
laser beam should be irradiated The glass plates 31 and 32 of two sheets. The supporter material 
33 supported free [ attachment and detachment ] constitutes from the condition of having made 
these crossing to the optical axis of an exposure laser beam, and it characterizes by holding 
statically, where the suspension S which a measured particle group comes to distribute in a 
medium is put among the glass plates 31 and 32 of two sheets. 
[0019] 

[Function] Although it is the phenomenon scattered about again and is greatly influenced by 
suspension concentration by particle with the diffraction/scattered light another as described 
above by one particle, the more the optical path length in the suspension which a laser beam 
passes becomes short, even if multiple scattering is the same suspension concentration the 
more, the probability for multiple scattering to occur becomes small. This invention uses this 
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point. 

[0020] If this is arranged so that the optical axis of an exposure laser beam may be crossed 
where sample suspension is put among the glass plates 31 and 32 of two sheets, ******** and, 
as shown in drawing 3 , a laser beam will pass through the inside of a very thin suspension layer, 
and even if it is high-concentration suspension, a possibility of producing multiple scattering will 
disappear. 
[0021] 

[Example] Drawing 1 is the mimetic diagram showing the configuration of the measuring beam 
study system of this invention example. The output light from a laser light source 1 is in the 
condition made into the parallel flux of light by the collimator 2, and is irradiated by the sample 
suspension S in the sample cell 3 of the structure mentioned later. While the condenser lens 4 is 
arranged on both sides of the sample cell 3 on the optical axis of the laser beam of the opposite 
side of a laser light source 1, the ring detector 5 equivalent to the former for measuring the 
intensity distribution of front diffraction / scattered light is arranged in the focal location of the 
condenser lens 4. Moreover, the side and behind (laser light source 1 side) the sample cell 3, the 
side-way scattering photosensor 6 and the back scattered light sensor 7 for measuring side-way 
scattering light and a back scattered light, respectively are arranged. 
[0022] After the output of each sensor of the ring detector 5, the side-way scattering 
photosensor 6, and the back scattered light sensor 7 is amplified by the amplifier, respectively, it 
is digitized by the A-D converter, is taken by the computer (neither is illustrated), and is 
converted into the particle size distribution of a measured particle group by the well-known 
algorithm. 

[0023] Drawing 2 is the decomposition perspective view of the sample cell 3 which is the 
description part of this invention example. The sample cell 3 is constituted by the supporter 
material 33 supported in the thin glass plates 31 and 32 of two sheets, and the condition of 
having made these intersecting the optical axis of the laser beam which passed through the 
collimator 2. And the sample suspension S is statically held on the optical axis of a laser beam in 
the condition of having been put among the glass plates 31 and 32 of two sheets, and 
measurement of diffraction / scattered-light intensity distribution is presented with it. 
[0024] In this example, the method of setting the sample suspension S to a measurement part as 
mentioned above is in the condition which decomposed the sample cell 3 and put one glass plate 

31 on the abbreviation horizontal first, and after only small quantity trickles the sample 
suspension S into that front face, it piles up the glass plate 32 of another side from on that 
Since it will be in the condition that the glass plates 31 and 32 of these two sheets adhered 
mutually with the surface tension of the medium in the sample suspension S at this time, the 
supporter material 33 is equipped with this, and it arranges so that the optical axis of a laser 
beam may be intersected like drawing 1 . At this time, the concentration of the sample 
suspension S puts among glass plates 31 and 32, without diluting this, even when fairly high. 
[0025] Thus, if a laser beam is irradiated where the sample suspension S is put among the thin 
glass plates 31 and 32 of two sheets, since the sample suspension S is a film extremely, the 
optical path length in the inside of the sample suspension of a laser beam becomes very short. 
Therefore, even if it uses the high-concentration sample suspension S as it is, multiple 
scattering is not produced as typically shown in drawing 3 . 

[0026] When the particle diameter of for example, a measured particle is comparatively large, a 
spacer suitable among the glass plates 31 and 32 of two sheets may be made to intervene here 
to obtain diffraction / scattered-light reinforcement with the concentration of the sample 
suspension S sufficient so high rather. Drawing 4 is the explanatory view of the example of 
structure of the sample cell between which the spacer was made to be placed, and (A) is the 
front view which a sectional view, (B), and (C) extract the spacer 34, and is shown, and its C-C 
sectional view, this example — metaphor thickness — bore 34a was dug into the central part of 
the thin spacer 34 of about 0.1 -1mm of mackerel, and where that spacer 34 is put among glass 
plates 31 and 32, the sample suspension S is put between the glass plate 31 of two sheets, and 

32 within bore 34a of that spacer 34. 

[0027] Since glass plates 31 and 32 and both the spacer 34 are fixed, a metaphor may sandwich 
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a part for the vertical both ends of glass plates 31 and 32 from both sides with a screw 36 
through the plate 35 for immobilization so that a laser beam may not be interrupted, so that it 
may not lap with bore 34a therefore, as given adhesiveness to the front face of the both sides of 
a spacer 34 or shown to drawing 5 in a sectional view. 

[0028] In each above example, as for the include angle of a sample cell 3 and a laser beam shaft 
to make, it is desirable to make it incline for a while so that it may illustrate with a flat-surface 
sectional view to drawing 6 rather, rather than perpendicular. Namely, although exact detection 
of side-way scattering light (it is the scattered light to a perpendicular direction to a laser beam 
shaft) especially becomes difficult when it intersects perpendicularly with a laser beam shaft, and 
the sample cell 3 has been arranged, and making a spacer 34 intervene By giving an inclination 
like drawing 6 , it leads to exact detection of side-way scattering light being attained, and this 
becoming possible [ measuring more the particle size distribution of the fairly small particle group 
of a submicron field to high degree of accuracy ]. 

[0029] Moreover, the supporter material 33 in each above example supports these, the glass 
plates 31 and 32 of two sheets, or where the plate 35 grade for immobilization is only put 
between spacer 34 list in addition to this, and also it is natural. [ of deformation of the approach 
of pushing glass plates 31 and 32 or the plate 35 for immobilization with a stop screw etc. from 
the side etc. being possible ] 
[0030] 

[Effect of the Invention] As explained above, according to this invention, the sample cell in the 
particle-size-distribution measuring device of laser diffraction / dispersion type The glass plate 
of two sheets, The supporter material supported free [ attachment and detachment ] constitutes 
from the condition of having made these intersecting the optical axis of an exposure laser beam. 
Since a laser beam is irradiated where sample suspension is put between the glass plate of two 
sheets In the conventional particle-size-distribution measuring device using a flow cell or a 
batch eel, generating of multiple scattering enabled it to measure diffraction / scattered-light 
intensity distribution correctly in the high-concentration state, without producing multiple 
scattering, without completely diluting the high-concentration suspension sample which was not 
able to be measured. Like as a result, for example, ink, the dispersoid distributed by dilution, or it 
collapsed, or condensed, and if it remained as it is, high-concentration sample suspension which 
multiple scattering produces also became possible [ performing exact particle-size-distribution 
measurement ]. 
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